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Abstract

Objective: As part of an initiative led by the Brain Injury Special Interest Group Mild Traumatic Brain Injury (TBI) Task Force of the American

Congress of Rehabilitation Medicine (ACRM) to update the 1993 ACRM definition of mild TBI, the present study aimed to characterize current

expert opinion on diagnostic considerations.

Design: Cross-sectional web-based survey.

Setting: Not applicable.

Participants: An international, interdisciplinary group of clinician-scientists (NZ31) with expertise in mild TBI completed the survey by

invitation between May and July 2019 (100% completion rate).

Interventions: Not applicable.

Main Outcome Measures: Ratings of agreement with statements related to the diagnosis of mild TBI and ratings of the importance of various

clinical signs, symptoms, test findings, and contextual factors for increasing the likelihood that the individual sustained a mild TBI, on a scale

ranging from 1 (“not at all important”) to 10 (“extremely important”).

Results: Men (nZ25; 81%) and Americans (nZ21; 68%) were over-represented in the sample. The survey revealed areas of expert agreement

(eg, acute symptoms are diagnostically useful) and disagreement (eg, whether mild TBI with abnormal structural neuroimaging should be

considered the same diagnostic entity as “concussion”). Observable signs were generally rated as more diagnostically important than subjective

symptoms (Wilcoxon signed ranks test, ZZ3.77; P<.001; rZ0.68). Diagnostic importance ratings for individual symptoms varied widely, with

some common postconcussion symptoms (eg, fatigue) rated as unhelpful (<75% of respondents indicated at least 5 out of 10 importance). Certain

acute test findings (eg, cognitive and balance impairments) and contextual factors (eg, absence of confounds) were consistently rated as highly

important for increasing the likelihood of a mild TBI diagnosis (�75% of respondents indicated at least 7 out of 10).

Conclusions: The expert survey findings identified several potential revisions to consider when updating the ACRM mild TBI definition,

including preferentially weighing observable signs in a probabilistic framework, incorporating symptoms and test findings, and adding differential

diagnosis considerations.

Archives of Physical Medicine and Rehabilitation 2021;102:76-86

ª 2020 by the American Congress of Rehabilitation Medicine. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
The American Congress of Rehabilitation Medicine (ACRM)
sponsored the publication of a definition of mild traumatic brain
injury (TBI) in 1993.1 This work was conducted by the Mild
Traumatic Brain Injury Committee of the Head Injury Interdisci-
plinary Special Interest Group from the ACRM. For the past 25
years, that definition, reprinted in table 1, has been widely used in
clinical practice and research. In early 2019, the ACRM Brain
Injury Special Interest Group Mild TBI Task Force began to
undertake an update of the 1993 ACRM definition of mild TBI.

Numerous definitions of mild TBI have been published since
the ACRM definition in 1993, including definitions by the Cen-
ters for Disease Control and Prevention in 2003,2 the World
Health Organization (WHO) Collaborating Centre Task Force on
Mild Traumatic Brain Injury in 2005,3 the Department of Vet-
erans Affairs and the Department of Defense in 2009 and 2016,4

the Demographics and Clinical Assessment Working Group of
the International and Interagency Initiative toward Common Data
Elements for Research on Traumatic Brain Injury and Psycho-
logical Health in 2010,5 and the Ontario Neurotrauma Foundation
List of abbreviations:

ACRM American Congress of Rehabilitation

Medicine

CT computed tomography

IQR interquartile range

MRI magnetic resonance imaging

TBI traumatic brain injury

WHO World Health Organization

www.archives-pmr.org
in 2018.6 The Concussion in Sport Group has also proposed7 and
updated8 a definition of sport-related concussion.

These case definitions vary regarding which signs and symp-
toms must be present to diagnose mild TBI, but certain diagnostic
features are consistent across these definitions (table 2). For
example, all agree that a brief loss of consciousness is sufficient
but not necessary to diagnose mild TBI. However, important
discrepancies exist between definitions (see table 2), including
how alteration in mental status is defined, whether or not structural
changes to the brain belong within the classification of mild TBI,
and whether subjective “postconcussion” symptoms (eg, head-
ache, dizziness, concentration difficulty) can provide sufficient
diagnostic evidence of mild TBI. There is also inconsistent use
and meaning of the terms “concussion” and mild TBI. These 2
labels are sometimes considered synonymous or as subordinate or
superordinate terms, with concussion representing a subset of mild
TBI without structural brain injury.

The lack of a universal case definition for mild TBI has been
problematic for research and clinical practice. For example,
synthesizing studies (eg, for meta-analysis) or comparing across
studies that used different case definitions may be misleading,
because some definitions capture more or less homogenous
samples or more or less severely injured patients than others.9

Clinically, a patient who reports feeling “dazed” after a head
trauma might be diagnosed as having sustained a mild TBI by a
clinician who uses the ACRM case definition but not by a clinician
who uses the WHO case definition.10

The present study aimed to characterize current expert opinion
on issues related to the definition of mild TBI. Clinical conditions

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 1 ACRM’s 1993 definition of mild traumatic brain injury

A traumatically induced physiological disruption of brain function, as manifested by at least 1 of the following:

1. any loss of consciousness;

2. any loss of memory for events immediately before or after the accident;

3. any alteration in mental state at the time of the accident (e.g., feeling dazed, disoriented, or confused); and

4. focal neurological deficit(s) that may or may not be transient; but where the severity of the injury does not exceed the following:

� loss of consciousness of approximately 30 minutes or less;

� after 30 minutes, an initial Glasgow Coma Scale (GCS) of 13-15; and

� posttraumatic amnesia (PTA) not greater than 24 hours.
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can be defined by an expert consensus approach when pathologic,
laboratory, and imaging confirmation of disease is not
available,11,12 as in the case of mild TBI. Expert ratings, combined
with a synthesis of the best available scientific evidence, have
proven useful for identifying important diagnostic features13 and
incorporating them into a consensus-based operational case
definition.14 Findings from the present study could demonstrate
that achieving expert consensus on a definition of mild TBI is
feasible or futile.

We assembled an international, interdisciplinary group of
clinician-scientists with expertise in mild TBI and invited them to
rate (1) their views on areas of discrepancy among existingmild TBI
case definitions and possible new directions for an updated defini-
tion, and (2) the diagnostic importance of various signs, symptoms,
test findings, and contextual factors.We included a broader range of
potential diagnostic features than have been included in previous
case definitions because considerable evidence now exists con-
cerning the diagnostic utility of serum biomarkers,15,16 clinical
assessment tools,17-19 and observable behaviors (eg, motor inco-
ordination17). These factors might improve the sensitivity, speci-
ficity, and reliability of mild TBI diagnostic methods.
Methods

Between January and March of 2019, a Working Group from the
ACRM Mild TBI Task Force (co-led by NDS and GLI) identified
potential Expert Panel members for the updated case definition
project by scanning author lists of mild TBI agreement statements
and clinical practice guidelines published within the last 5
years,6,8,20-25 asking for nominations from Working Group mem-
bers, and conducting literature searches for high-impact articles.
The target sample size was 20 to 40 individuals to ensure reli-
ability of group judgments while limiting coordination difficulties
and diminishing returns with an excessively large Expert
Panel.26,27 The Working Group identified 32 individuals as mild
TBI experts based on the following criteria: (1) demonstrates
specialized knowledge in mild TBI based on academic publication
history (eg, lead or senior author of relevant studies) or previous
participation in mild TBI clinical practice guideline development;
(2) has clinical experience diagnosing patients with mild TBI; and
(3) contributes to the diversity of the sample with respect to their
clinical discipline and specialty, practice setting, geographic
location, or sex. The Working Group invited 32 individuals to
participate on the Expert Panel, and 31 agreed. These 31 experts
were sent an initial electronic survey in May 2019 using the
Qualtrics platform,a hosted by The University of British
Columbia, and were asked to complete it by June 25, 2019. A
reminder e-mail was sent on June 19, 2019. Experts who did not
complete the survey by June 25, 2019 were prompted once more
by e-mail to complete it by July 2, 2019. The 1 expert who did not
respond to the invitation (and follow-up e-mail) to join the Expert
Panel was not sent a survey.

The 80-item survey was created by the Working Group using
an iterative process of drafting and revising. In the first section of
the survey, respondents were prompted to enter their
demographics, clinical practice characteristics, and contributions
to research (table 3). In the second section, they were presented
with a series of statements (shown in table 4) addressing points of
controversy. Items in this section of the survey were based on
observed discrepancies between previous case definitions (see
table 2). However, we included a few additional statements
regarding possible new directions that could be considered for an
updated case definition. Respondents were asked to rate their
agreement with each statement on a scale from 1 (strongly
disagree) to 5 (strongly agree), with a neutral midpoint. They were
also invited to add narrative comments to each statement and
response. The statements were balanced with respect to positive
(should) or negative (should not) wording, and respondents were
explicitly told that the statements do not necessarily reflect the
views of the ACRMMild TBI Task Force. Note that this section of
the survey contained additional items for project planning pur-
poses that are not reported here. The third section was modeled
based on a previous study13 that aimed to establish expert
consensus-based diagnostic criteria. In this section, respondents
were asked to rate a variety of signs, symptoms, test findings, and
contextual factors (grouped under those subheadings), and asked
to rate “how important each factor is in increasing the likelihood
that the person sustained a mild TBI,” on a scale from 1 (not at all
important) to 10 (extremely important). They could decline to
provide a rating and instead indicate “I don’t know.” The survey
items in the third section were taken from existing diagnostic
criteria (see table 2), standardized symptom inventories,28 and
promising tests and assessment procedures identified from rapid
literature reviews being conducted in parallel with this survey by
the Working Group for the broader case definition project.

Respondents were assured that their data would be anony-
mized prior to analysis and reported in aggregate form. Re-
spondents consented to having their responses shared publicly in
aggregate form. The University of British Columbia Behavioural
Research Ethics Board deemed the present study exempt from
requiring ethics board review and approval.

Statistical analysis

Frequency and central tendency statistics were reported for the
first section of the survey. For the second section, consistent
agreement was defined for the present study as 75% or more of the
www.archives-pmr.org
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Table 2 Comparison of threshold criteria for mild TBI diagnosis across organization and expert group case definitions

ACRM

1993 CDC 2003

WHO

2005

CDE

2010 VA/DoD 2016 CISG 2017 ONF 2018

Trauma-related intracranial lesion on

conventional CT or MRI can be present

Yes* Yes Yes Yes Noy Noy Yesz

Focal neurologic deficit Yes Yes* Yesx Yesx Yes Yes*,x Yesz

Loss of consciousness Yes Yes Yesx Yes Yes Yes*,x Yes

Decreased consciousness Yes* Yes Yes*,x Yes Yes Yes*,x Yes

Retrograde amnesia Yes Yes No Yes Yes ? Yes

Post-traumatic amnesia Yes Yes Yesx Yesx Yes Yes*,x Yes

Confusion/disorientation (objectively

assessed, including GCS<15)

Yesǂ Yes Yesx Yesx Yes Yesǂ,x Yes

Confusion/disorientation (subjective) Yes Yes ? Yes*,x Yes* Yes*,x ?

Dazed (subjective) Yes No No ? Yes Yes*,x ?

Difficulty thinking/slowed thinking

(subjective)

? No No Yesk Yesk Yesx Yesk

Physical symptoms No No No No No Yesx Yes

Cognitive or emotional symptoms No No No No No Yesx No

NOTE. “Yes” in a cell indicates that the presence of the clinical feature in that row is sufficient to rule-in a diagnosis of mild TBI, according to the case

definition for that column. All case definitions specify or imply that any alteration in consciousness or mental status has an abrupt onset (“at the time

of injury” or “immediately following the event”). Onset of subjective symptoms may be delayed by “minutes to hours” (CISG 2017). No case definitions

specify a minimum duration for signs or symptoms.

Abbreviations: ?, unclear whether or not this feature is considered sufficient evidence of mild TBI; CDC, Centers for Disease Control and Prevention; CDE,

Demographics and Clinical Assessment Working Group of the International and Interagency Initiative toward Common Data Elements for Research on

Traumatic Brain Injury and Psychological Health; CISG, Concussion in Sport Group; ONF, Ontario Neurotrauma Foundation; VA/DoD, Department of

Veterans Affairs and the Department of Defense; WHO, World Health Organization Collaborating Centre Task Force on Mild Traumatic Brain Injury.

* Implied, but not explicitly stated, that this feature is considered sufficient evidence of mild TBI.
y Exclusion criterion.
z Exclusion for “concussion” but not mild TBI.
x Must rule out alternative explanations for acute alteration in brain function.
k Unclear if difficulty thinking/slowed thinking is a sign (observable behavior) or symptom (self-reported).
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sample reporting that they somewhat or strongly agreed, and
consistent disagreement was defined as 75% or more of the sample
reporting that they somewhat or strongly disagreed. In contrast,
agreement was considered ambiguous or inconsistent when the
interquartile range included an agreement midpoint rating of 3.
For the third section of the survey, we considered items as diag-
nostically important if 75% or more of respondents gave a rating
of at least 7 out of 10, and diagnostically useful if 75% or more of
respondents gave a rating of at least 5 out of 10. Given the skewed
distributions of most diagnostic features, we focused our inter-
pretation on median ratings. We used the Wilcoxon signed ranks
test to compare across items and effect size r to measure the effect
size of those differences. The coefficient r was calculated by
dividing the test statistic (Z ) by the square root of the sample
size29 and was interpreted as small (rZ0.10), medium (rZ0.30),
or large (rZ0.50).30
Results

The survey completion rate was 100% (31 out of 31). Respondents
took an average (median) of 28.4 minutes (interquartile range
[IQR], 21.5-48.8min) to complete the survey. No data were
missing (ie, no unanswered items). However, some respondents
used the “I don’t know” response option for certain diagnostic
importance ratings.

The characteristics of the sample are reported in table 3. Most
respondents were in independent clinical practice (postlicensure)
www.archives-pmr.org
for more than 10 years (96.8%), and the majority had published at
least 100 peer-reviewed articles (71.0%). The sample represented
a variety of specialties involved in the clinical care of diverse mild
TBI subpopulations. The majority of respondents worked pri-
marily at an academic medical center, hospital, or university
(77.4%) in the United States (67.7%). Men were over-
represented (81%).
Opinions on areas of discrepancy among existing
mild TBI case definitions and possible new
directions for an updated definition

Agreement ratings with statements relating to discrepancies
among definitions and potentially controversial topics are shown
in table 4, from highest to lowest agreement. There was
consistent agreement or disagreement for the majority of items.
In contrast, agreement was ambiguous or inconsistent for select
items (eg, whether neuroimaging evidence of intracranial trauma
implies a more severe form of TBI and whether diagnostic
criteria for mild TBI should include a minimum duration
of symptoms).

Agreement was consistent that diagnostic criteria for mild TBI
should include a maximum timeframe for the onset of symptoms.
Respondents were also asked to recommend a specific time cutoff
from the following options: 1 hour, 12 hours, 24 hours, 3 days, 7
days, or “I do not recommend a maximum timeframe.” Their
responses are shown in table 5. The most common response
(nZ12, 38.7%) was 3 days. Most participants favored a

http://www.archives-pmr.org


Table 3 Demographic characteristics of the expert consensus group

Demographic Variable Survey Response Frequency Percent

Specialty Physical medicine and rehabilitation 8 25.8

Neurology 6 19.4

Neuropsychology 5 16.1

Emergency medicine 4 12.9

Neurosurgery 3 9.7

Sports medicine 2 6.5

Critical care medicine 1 3.2

Behavioral neurology and neuropsychiatry 1 3.2

Athletic trainer 1 3.2

Primary work location Academic medical center/hospital 20 64.5

University 4 12.9

Other 4 12.9

Community hospital 1 3.2

Military medical center/treatment facility 1 3.2

Research facility 1 3.2

Veterans Health Administration hospital 0 0.0

Secondary work location None (primary location only) 11 35.5

Academic medical center/hospital 7 22.6

Research facility 7 22.6

University 3 9.7

Veterans Health Administration hospital 3 9.7

Community hospital 0 0.0

Military medical center/treatment facility 0 0.0

Other 0 0.0

Geographic location United StateseNortheast 10 32.3

United StateseSouth 4 12.9

United StateseWest 4 12.9

Europe 4 12.9

Canada 4 12.9

United StateseMidwest 3 9.7

Australia 2 6.5

Sex Male 25 80.7

Female 6 19.4

Years in independent

practice (postlicensure)

>15 27 87.1

10-15 3 9.7

5-10 1 3.2

1-5 0 0.0

0 (trainee) 0 0.0

Academic contributions

(peer-reviewed

publications)

�300 4 12.9

200-299 7 22.6

100-199 11 35.5

30-99 7 22.6

10-29 2 6.5

1-9 0 0.0

0 0 0.0

Patient population (yes/no) Athletes 26 83.9

Civilians 26 83.9

Military service members or veterans 14 45.2

Adults 27 87.1

Adolescents 22 71.0

Children 16 51.6

80 N.D. Silverberg et al
maximum timeframe of 3 days or less (cumulative percentage,
77.4%). However, some preferred a longer timeframe (nZ2,
6.5%) or declined to recommend a specific timeframe
(nZ5, 16.1%).
Diagnostic importance ratings

Ratings of diagnostic importance are shown in figures 1 through 4.
Items that were endorsed as diagnostically important by the
www.archives-pmr.org
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Table 4 Expert ratings on possible changes to the ACRM diagnostic criteria for mild TBI

Statement Mean � SD Median Mode Range IQR

Diagnostic criteria for mTBI should specify that alternative explanations for

altered mental status (eg, acute stress reaction, substance/alcohol use) must

be ruled out.

4.65 � 0.66 5 5 2-5 4-5

Rapid onset postconcussion symptoms (eg, headache, dizziness, feeling like “in

a fog”) after head/neck trauma should indicate at least a possible mTBI.

4.45�1.03 5 5 1-5 4-5

Diagnostic criteria for mTBI should incorporate levels of certainty (eg, possible,

probable, and definite categories) rather than be binary (diagnosis present or

absent).

4.35�0.99 5 5 1-5 4-5

Diagnostic criteria should distinguish between mTBI without neuroimaging

evidence of intracranial trauma* (also known as uncomplicated mTBI of

commotio cerebri) and mTBI with neuroimaging evidence of intracranial

trauma* (also known as complicated mTBI or contusion cerebri).

4.23�1.12 5 5 1-5 4-5

Diagnostic criteria for mTBI should include a maximum timeframe for the onset

of symptoms (eg, headache, dizziness, feeling like “in a fog”).

4.06�1.03 4 5 2-5 4-5

Most current definitions of mTBI include loss of consciousness and posttraumatic

amnesia as observable signs. Diagnostic criteria for mTBI should be expanded

to include other observable signs (eg, blank/vacant look or motor

incoordination).

4.06�1.24 4 5 1-5 4-5

Neuroimaging evidence of intracranial trauma* implies a more severe form of

TBI, not an mTBI.

3.26�1.37 3 4 1-5 2-4

The terms “concussion” and “mild traumatic brain injury” can be used

synonymously.

3.19�1.40 3 2, 4 1-5 2-4

Diagnostic criteria for mTBI should include a minimum duration of symptoms

(eg, headache, dizziness, feeling like “in a fog”).

2.97�1.25 3 2 1-5 2-4

Some definitions of mTBI are based on observable signs only (eg, loss of

consciousness and posttraumatic confusion) and do not include subjectively

experienced symptoms (eg, headache, dizziness, feeling like “in a fog”). In my

opinion, symptoms are not necessary or sufficient to diagnose mTBI, and

therefore should be omitted from diagnostic criteria.

1.84�1.13 2 1 1-5 1-2

NOTE. Each statement was rated on a scale from 1 (strongly disagree) to 5 (strongly agree). Statements were worded positively (should) or negatively

(should not) at random.

* Includes: epidural hematoma, subdural hematoma, subarachnoid hemorrhage, midline shift supratentorial, cisternal compression, contusion,

intracerebral hemorrhage, intraventricular hemorrhage, diffuse axonal injury, brain edema, and encephalomalacia (Haacke et al, J Magn Reson Imaging

2010;32:516-43 and Broglio et al, J Neurotrauma 2018;35:2776-83.). Excludes: skull fracture and nonspecific white matter lesions (eg, MRI T2

hyperintensities).
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majority of respondents (ie, �75% gave a rating of �7 out of 10)
are denoted with the unique symbol ǂ. Loss of consciousness,
disorientation, confused or inappropriate behavior, seizure with
Table 5 Expert recommendations for the minimum duration of sympt

Diagnostic Criteria Recommenda

Minimum duration of symptoms (eg, headache,

dizziness, feeling like “in a fog”)

10 seconds

30 seconds

5 minutes

15 minutes

I do not rec

minimum

Maximum timeframe for the onset of symptoms (eg,

headache, dizziness, feeling like “in a fog”)

1 hour

12 hours

24 hours

3 days

7 days

I do not rec

maximum

www.archives-pmr.org
clonic movements, focal neurologic deficits, and tonic posturing
all had a median rating of 10 out of 10. With the exception of
facial injury (median, 4; IQR, 2-6) and scalp injury (median, 4;
oms and maximum timeframe for the onset of symptoms

tion Frequency Percent

Cumulative

Percent

2 6.45 6.45

3 9.68 16.13

5 16.13 32.26

4 12.90 45.16

ommend a

duration

17 54.84 100.00

3 9.68 9.68

3 9.68 19.35

6 19.35 38.71

12 38.71 77.42

2 6.45 83.87

ommend a

timeframe

5 16.13 100.00

http://www.archives-pmr.org


Fig 1 Perceived diagnostic importance of observable signs. o indicates outlier data point (>1.5 times the IQR), ) indicates extreme outlier

data point (>3 times the IQR), and ǂ indicates that 75% or more of the respondents rated 7 or higher.
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IQR, 2-8), all other signs were rated as diagnostically useful, with
median scores of 7 to 8. Diagnostic importance ratings for
subjective symptoms (see fig 2) ranged widely. Six symptoms
(feeling confused, feeling disoriented, feeling dazed, balance
problems, difficulty remembering, and dizziness) were rated as
diagnostically important, whereas pressure in head (median, 6;
IQR, 5-8), don’t feel right (median, 6; IQR, 5-8), seeing stars
(median, 6; IQR, 4-9), drowsiness (median, 6; IQR, 4-8), nervous
or anxious (median, 6; IQR, 5-7), fatigue (median, 6; IQR, 4-7),
and neck pain (median, 5; IQR, 3-7) were not rated as important or
helpful. Overall, observable signs were rated as more diagnosti-
cally important than symptoms (Wilcoxon signed ranks test,
ZZ3.77, P<.001, rZ0.68). Limiting this comparison to the top 5-
highest rated items in each category yielded a similar finding, with
observable signs being rated as more diagnostically important than
symptoms (Wilcoxon signed ranks test, ZZ4.05,
P<.001, rZ0.73).

Regarding acute test findings (see fig 3), a trauma-related
intracranial abnormality on computed tomography (CT) or
magnetic resonance imaging (MRI) was among the most strongly
endorsed (median, 10; IQR, 8.5-10). However, the distribution
was very skewed, with many participants rating it as very
diagnostic of mild TBI (median, 10), whereas 5 (16.1%)
respondents rated positive CT or MRI findings as not diagnos-
tically important (<7 out of 10). Of these 5 participants, 4
somewhat or strongly agreed with the statement (see table 4) that
“neuroimaging evidence of intracranial trauma implies a more
severe form of TBI, not a mild TBI,” suggesting that they viewed
positive CT or MRI findings as a rule-out rather than a rule-in test
finding. Acute findings of cognitive impairment (median, 9; IQR,
8-10), balance impairment (median, 9; IQR, 7-10), vestibulo-
oculomotor impairment (median, 8; IQR, 7-10), and a focal
neurologic deficit (median, 9; IQR, 8-10) were rated as
diagnostically important. Exertion intolerance and 2 of the
serum biomarkers queried (ubiquitin C-terminal hydrolase L1
and glial fibrillary acidic protein) were rated as diagnosti-
cally useful.

Of the contextual factors (see fig 4), an absence of alter-
native explanations for acutely altered mental status (median,
9; IQR, 7-10) was the only item rated as diagnostically
important. All other contextual factors were rated as diagnos-
tically useful.

Discussion

Since the ACRM developed a case definition of mild TBI in 1993,
many alternative definitions have been published using variable
methodological rigor and with key differences that result in
discrepant diagnostic classifications. The current survey
study aimed to characterize expert opinion regarding existing
case definitions and to identify potentially helpful approaches
and diagnostic features that will inform a Delphi consensus-
driven refinement of the 1993 ACRM case definition of mild TBI.
Surveying our interdisciplinary, international group of experts
revealed areas of agreement but also ongoing controversy.

One area of agreement was the view that some individuals
with mild TBI initially present with only subjective symptoms
and that such cases should be captured by diagnostic criteria. The
original ACRM definition did not include symptoms but vaguely
acknowledged circumstances in which it is “appropriate to
www.archives-pmr.org
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Fig 2 Perceived diagnostic importance of subjective symptoms. o indicates outlier data point (>1.5 times the IQR), and ǂ indicates that 75%
or more of the respondents rated 7 or higher.
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consider symptomatology that, when linked to a traumatic head
injury, can suggest the existence of a mild traumatic brain
injury.”1(p86) Subsequent definitions have varied on whether
acute symptoms such as headaches, dizziness, and subjective
cognitive difficulties can be sufficient to diagnose a mild TBI and
under what circumstances symptoms alone can be considered
diagnostic. The expert panel was clear that acute symptoms are
diagnostically important. The expert panel did not view that
setting a threshold for the minimum duration of symptoms would
be feasible but might have if asked about a minimum duration for
particular symptoms, such as feeling dazed.31 Most experts
expressed that symptom onset after mild TBI could be delayed
but could generally only be causally attributable to mild TBI if
the symptoms appear within a few days of the injury.

Consistent with case definitions for other health conditions,14

the expert panel considered observable signs to be more impor-
tant than subjective symptoms. Most existing case definitions for
www.archives-pmr.org
mild TBI do not distinguish between observable signs (eg,
inability to answer orientation questions) and subjective symp-
toms (eg, feeling “confused”), and in no previous definition are
signs given disproportionate weight. The present findings suggest
that a revised case definition should consider both of these issues.
Disproportionate weighting of diagnostic features is possible in a
probabilistic framework, which the expert panel generally
supported. Probabilistic diagnostic criteria exist for a number of
other neurologic conditions13,32,33 and have been considered for
mild TBI.34

An important area of ongoing controversy is whether head
trauma resulting in structural brain injury visible on CT or MRI
should be considered part of the mild TBI spectrum or a
categorically different (ie, more severe) injury. This controversy
has also manifested as disagreement on whether "concussion” and
mild TBI are synonymous diagnostic labels, or whether the former
should be reserved for patients without structural brain injury on

http://www.archives-pmr.org


Fig 3 Perceived diagnostic importance of acute test findings. o indicates outlier data point (>1.5 times the IQR), ) indicates extreme outlier

data point (>3 times the IQR), and ǂ indicates that 75% or more of the respondents rated 7 or higher. Abbreviations: GFAP, glial fibrillary acidic

protein; S100B, S100 calcium binding protein b; UCH-L1, ubiquitin carboxy-terminal hydrolase L1; VOM, vestibulo-oculomotor.
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CT or MRI. Existing case definitions and expert opinions (based
on the present survey findings) are divided on these points, which
may reflect a divide between the civilian (nonsport) mild TBI and
the sport concussion8 and United States military medicine35

communities. Increasingly sensitive neuroimaging modalities
may create a moving threshold such that more patients who
present with a clinically “mild” TBI will have abnormal scans.
Future advances in blood-based and imaging biomarkers36,37 may
be able to not only improve the identification of mild TBI (eg,
when clinical signs and symptoms are equivocal), but also refine
the grading of TBI severity across the disease spectrum, dissolving
the traditional boundary between mild versus moderate-to-severe
TBI38 and rendering this nosologic issue moot.

The overall degree of consistency between expert ratings on
the present survey suggests that achieving consensus on an
updated mild TBI case definition, the next phase of this initiative,
may be challenging but feasible. Consider that when queried about
10 intentionally controversial statements in the second section of
Fig 4 Perceived diagnostic importance of contextual factors. o indicates

more of the respondents rated 7 or higher.
the survey, the IQR of responses included agree and strongly agree
or disagree and strongly disagree for 7 statements. Across the
diagnostic importance ratings of observable signs, symptoms, test
findings, and contextual factors, most interquartile ranges spanned
2 to 3 points out of 10, although the range was broad. It is unclear
whether some variability in responding resulted from confusing
wording, varying subjective interpretations of “diagnostic impor-
tance,” and other sources of measurement error rather than
reflecting true variability in respondent’s beliefs.

Study limitations

A strength of the current study was the 100% survey completion
rate. However, as with all survey research, the study only provides
a snapshot of respondents’ views at one point in time. The survey
items did not undergo rigorous psychometric evaluation or pilot
testing. Certain areas may have been insufficiently queried. For
example, respondents were asked about the diagnostic importance
outlier data point (>1.5 times the IQR), and ǂ indicates that 75% or

www.archives-pmr.org
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of the impact force, but not about other potentially relevant
biomechanical variables. The survey did not tie diagnostic
importance ratings of self-reported symptoms to a specific time-
frame. This may have contributed to variability in survey re-
sponses. It is possible that survey respondents would have rated
certain vsymptoms as more or less diagnostically useful at
different time points. Previous research suggests that the diag-
nostic value of current symptom reporting generally lessens over
time since injury.39-42

Another important limitation of the study was sampling bias.
Our aim was to recruit leading clinician-scientists in the field of
mild TBI for the Expert Panel. We attempted to operationalize
eligibility criteria for the Expert Panel, but judgments about who
is an “expert” are of course partially subjective and susceptible to
bias. The Working Group’s perception of expertise likely resulted
in sampling bias, as the great majority of Expert Panel members
were men (81%) and a majority were from the United States
(68%). Sex and gender imbalances in cumulative publication
impact43 owing to systemic inequities, for example in access to
research funding44 and participation in clinical practice guideline
development,45 may have compounded our sampling bias. Teams
with too few women may be less collaborative, less effective at
solving problems, and less likely to consider diverse viewpoints.
Because only 19% of survey respondents were from outside of
North America, cultural bias may have also affected our findings.
Emergency medicine and primary care physicians, who most often
make the initial mild TBI diagnosis, were also under-represented
in the survey sample. Future steps of the ACRM Brain Injury
Special Interest Group Mild TBI Task Force’s endeavor to update
of the 1993 ACRM definition of mild TBI should strategically
improve diversity on the Expert Panel and to involve stakeholders
from under-represented groups.
Conclusions

The findings from this survey clarify where a group of experts,
identified by the ACRM Brain Injury Special Interest Group Mild
TBI Task Force, stand on controversial issues related to the
diagnosis of mild TBI. The present study also identified observ-
able signs, symptoms, test findings, and contextual factors of
perceived diagnostic importance for mild TBI, many of which
have not been considered in previous diagnostic frameworks.
Together with the latest empirical evidence, the survey findings
will help guide an updated ACRM case definition of mild TBI.
Specifically, the survey findings confirm the importance of ele-
ments unique to certain diagnostic criteria that should be inte-
grated into an updated case definition, such as the WHO’s
requirement to rule out confounds for confusion and posttraumatic
amnesia,3 the Demographics and Clinical Assessment Working
Group of the International and Interagency Initiative toward
Common Data Elements’ specification that structural neuro-
imaging findings can rule-in a mild TBI diagnosis,5 and the
Concussion in Sport Group’s proposition that symptoms following
a head impact, without associated observable signs, can warrant a
mild TBI diagnosis under some circumstances.8 The survey
findings also suggest that, unlike any previous case definition of
mild TBI, an updated definition should (1) consider a probabilistic
framework that weighs observable signs more than subjective
symptoms and (2) incorporate objective cognitive, balance, and
vestibular-oculomotor test findings, if research evidence now
www.archives-pmr.org
supports this. The present study findings also help to clarify cur-
rent expert opinion on the lowest threshold for diagnosing a mild
TBI, and therefore, for diagnosing TBI in general. Finally, where
research evidence is lacking, the present study’s characterization
of expert opinion can offer guidance with an updated case defi-
nition of mild TBI. For example, in the absence of evidence that
certain symptoms rated as unhelpful in this survey study (eg,
drowsiness or feeling anxious) can discriminate between people
with versus those without mild TBI, these symptoms should not be
included in an updated case definition, despite their appearance on
standardized symptom checklists used in research and clinical
practice. Our working group’s next steps are to finalize the
aforementioned rapid literature reviews, draft an updated case
definition based on evidence syntheses and the present survey
findings, and begin Delphi voting with the 31 members of the
Expert Consensus Panel.
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